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Homospeeific antigens of serum of mammals were first demonstrated  by Schiitze 
in 1901 (1, 2).  Following the injection of a rabbit with large quantities of serum from 
other rabbits Schtitze found that the serum from the immunized animal gave a pre- 
cipitation reaction with serum from 2 of 32 rabbits. In 1956, Oudin (3) using a more 
sophisticated  technique  confirmed  and  extended  these  results  and  introduced  the 
term  "allotypy".  Subsequent  investigations  demonstrated  that  these  "aUotypes" 
represented  different antigenic specificifies  of the rabbits' %globulin, and that these 
antigenic specificities  were genetically determined  (4).  Using similar methods of iso- 
immunization, individual antigenic differences  also have been found in the serum pro- 
teins of mouse (5), baboon (6), rhesus monkey (7), and chicken (8). 
Isoimmunization with  serum proteins  in humans was first reported  by Marie  in 
1916  (9),  who  observed  that  the  serum  obtained  from  two  patients  who  had re- 
ceived injections of human serum formed a precipitation reaction with certain normal 
human sera and concluded that individual specificities  of human sera had been demon- 
strated.  In 1961 Allison and Blumberg (10) detected an isoimmune system in man, in 
which a  precipitating  antibody found in the  serum  of a  patient  following multiple 
transfusions demonstrated a serum lipoprotein factor whose presence was determined 
by a simple  dominant autosomal mode of inheritance.  This  new serum system was 
designated  the  Ag system.  Recently, another  factor probably unrelated  to  the  Ag 
system has been found in a similar fashion (11).  Complement-fixing, but not precipi- 
tating,  isoantibodies  against  human  serum  protein  antigens  following  transfusions 
were first described in 1929 by Gy6rgy and Witebsky (12). The antibodies against the 
genetically determined groups of human -y-globulin (13) are also nonprecipitating and 
have also been found in the sera of transfused patients (14).  Antigenic polymorphism 
of the ~,-globulins of pigs has been discovered by methods similar to those used for their 
detection in man  (15).  Nonprecipitating antlsera against the geneficaUy determined 
antigenic factors of human "},-globulin have  now been produced in mammals other 
than man (16). The allotypes of rabbit "},-globulin have recently been studied by means 
of heteroantisera (17). 
Individual  antigenic  differences  of human  sera  demonstrated  by heteroantisera, 
have been reported repeatedly in the earlier serological literature  (18-21); the possible 
genetical implications of the  findings,  however, were not investigated.  In  1963,  the 
first system of inherited antigenic differences  of a human serum protein, detected by 
heteroantiserum, was described (22). Rabbits injected with isolated fl-lipoprotein from 
a single individual produced an antiserum which, after absorption with certain human 
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sera, distinguished between human sera possessing, and not possessing a  ~-lipoprotein 
factor, designated  the Lp(a)  factor. Recently, anti-Lp serum has also been produced 
in a  horse  (23). The  ability  of  rabbits  to  distinguish  between  individual  antigenic 
specificifies of human  serum proteins  has  recently been confirmed in experiments of 
Litwin and Kunkel (24) who succeeded in producing Gm and Inv antisera in rabbits. 
Despite the wealth of immunological information which has accumulated concerning 
the nature of the antigenic differences, the chromosomal localization of the genes de- 
termining these genetic systems of human serum proteins is presently unknown. 
The present  paper  reports  another  system  of inherited  antigenic  differences 
of  a  human  serum  protein  detected  by  heteroantiserum.  This  new  genetic 
system is controlled by genes at a  locus on the X  chromosome, and the antigen 
appears  to be the serum a2-macroglobulin. 
Materials and Methods 
Immunization.--Three  albino rabbits weighing approximately 3.5 kg were immunized with 
whole serum from 1 single  female donor.  Each animal was given 1 ml human serum intra- 
venously on the first 3 days of 4 successive  wk. The total dose of human serum intended for 
each animal was 12 ml. Two of the animals died from anaphylactic shock during the immuni- 
zation period. The remaining animal was bled 7 days after the last injection. The blood was 
allowed to clot for 2 hr at 37°C and overnight at 4°C. The serum was then separated, centri- 
fuged free of formed elements, and stored at --25°C. All animals were bled before the immuni- 
zation was started. 
Antisera.--Rabbit  antiserum against human ot2-macroglobulin  (batch  818A)  and  against 
whole human serum  (batch 678B)  were purchased from Behringwerke AG, Marburg/Lahn. 
A sample of antiserum from a goat, produced against rabbit serum, was kindly provided by 
Pentex, Inc., Kankakee, Ill. 
Human Sera.--A panel of 20 sera from normal healthy laboratory personnel was used for 
several investigations. The Norwegian population studies were performed on sera  obtained 
from blood donors and unrelated adult individuals who had been referred to the Institute of 
Forensic Medicine, University of Oslo, Oslo, Norway in connection with paternity cases.  The 
sera for the population studies on United States whites and negroes were kindly provided by 
Dr. C. A. Haines, Claxton, Georgia, and samples from Easter Island were generously provided 
by Dr.  S.  C.  Skoryna and  Dr.  Maureen  Roberts of the  Easter Island  Expedition Society, 
Montreal.  Samples of serum from 28 families with a  total of 83 children from Easter Island 
were available. In all instances the sex of the individual tested was known, and in the children 
from Easter Island their age was also usually available. Sera from 7 patients with Turner's 
syndrome of karyotype XO were kindly provided by Dr. J. H. Edwards, Birmingham, Eng- 
land. The sera were stored at --25°C and tested as soon as possible.  No sample that had been 
stored more than 3 months was tested. 
Double Diffusion Tests.--For the Ouchterlony technique (25),  precleaned 5 X  S cm glass 
slides  and Rheinagar  (Behringwerke AG, Marburg/Lahn,  batch  156) were used. The slides 
were covered with 2.5 ml agar giving a  1 mm thick layer. The gel contained 1% (w/v) agar, 
0.85%  (w/v)  sodium chloride,  10%  (v/v)  1/15  ~r sodium phosphate buffer of pH  7.0  and 
1/10,000  (w/v) merthiolate. Six peripheral wells and one central well were cut in the agar, the 
diameter of each being 4 ram, the distances between neighboring wells in all cases being 5 ram. 
The slides were kept in a  moist chamber in an incubator at 20°C. The precipitates were ex- 
amined against a dark background by oblique illumination from below, usually after 1, 2, and 
3 days. Some slides were also examined after 7 and 14 days, but no changes between the 3rd K~RE  BERG AND ALEXANDER  G. BEARN  381 
and the 14th day were observed. A visible precipitate was recorded as a positive reaction, no 
visible precipitate, as a negative reaction. The slides were stained according to the methods of 
Uriel  (26).  Thiazine Red R  (Allied  Chemical Corporation,  New York)  was employed as a 
protein stain and Oil Red O (G. T. Gurr, Ltd., London) as a lipid stain. 
Immunoelectrophoresis.--The immunoelectrophoretic experiments  were performed  as  de- 
scribed by  Scheidegger  (27). 
Gel Filtration.--For  purification of proteins by gel filtration, Sephadex G-200  (lot TO 5822) 
was purchased from Pharmacia, Upsala, Sweden. 
Statistical Methods.--The results from each population were arranged in "fourfold" tables 
according to the individual's reaction type and sex. The existence of a sex difference was esti- 
mated by the X  * test using Yates' correction as described by Hill (28). The gene frequencies 
were calculated separately from males and females and combined male and female genotype 
frequencies were obtained using the formula applied earlier for the Xg system (29). The gene 
frequencies calculated by means of this formula will be referred to as the "combined" gene 
frequencies. This formula, which is due to Haldane (30), was first called to our attention by 
Dr.  Ruth  Sanger.  The expected distribution  of males and  females was calculated for each 
population and for the parents and children comprising the family material from the "com- 
bined" gene frequencies assuming an X-linked dominant mode of inheritance (29). 
EXPERIMENTS  AND  RESULTS 
Characterization  of Rabbit  Immune  Serum.--Serum  of  the  rabbit  obtained 
before immunization did not precipitate in agar gel when tested against human 
sera. Mter immunization, the serum precipitated several human serum proteins 
including the ~-macroglobulin. To identify the precipitating factor in the rabbit 
serum,  the rabbit immune serum was submitted  to immunoelectrophoresis  and 
allowed to diffuse against human  serum. A precipitate developed corresponding 
to the "y-globulins of the rabbit serum. The rabbit serum proteins were identified 
by their reactions with goat anti-rabbit serum. 
Absorptior~ Experiments.--To  test  whether  the  immune  serum  revealed  an 
individual  specificity  of  human  serum,  an  absorption  experiment  applying 
an intrabasin technique was performed. 
The rabbit serum was absorbed with each of twenty human sera, and tested  against the 
same panel of twenty sera. 15 #1 of the human serum used for absorption was pipetted into the 
central well and allowed to diffuse into the surrounding gel. Rabbit immune serum (15 #1) was 
then placed in the same well and at the same time normal human sera  (15/~1 of each) were 
placed in the peripheral wells. Since this amount of human serum was occasionally too small to 
remove all precipitating ability against the serum used for absorption, the absorption experi- 
ments were repeated with 30 #I human serum. This was achieved by filling the well twice with 
15 #1. Mter the second 15 #1 aliquot of human serum had diffused into the surrounding agar, 
the rabbit serum was pipetted into the well, and 15 #1 of each of the human sera to be tested 
were placed in the peripheral wells.  Using this absorption technique, no precipitate between 
the absorbed immune serum and the human serum used for absorption was observed. 
Human  sera  could  be  divided  into  two  groups  depending  on  the  results 
obtained when they were used as absorption material. When serum of the first 
group (to which the donor of the immunization material belonged) was used for 382  x~  SYSTV.~t 
absorption, all precipitating ability against human sera was removed from the 
immune serum. When serum from the second group of human donors was used 
for absorption, the precipitating ability against human sera of the first group 
remained but reactions against sera of the second group were no longer observed. 
These  results  suggested  that  individuals  of  the  group  to  which  the  donor 
belonged could be called positive reactors because they possessed an additional 
antigenic group in their serum compaled to the second group, who were called 
negative reactors. The results further indicated that the immune rabbit serum 
could be made specific for thi~ antigenic factor by absorption with human serum 
from a negative reactor. 
The intrabasin technique has the disadvantage that the precipitation between 
antibodies in the immune serum and proteins in the absorption material, occurs 
in the area immediately surrounding the well and gives rise to a circular precip- 
itate. Absorption of the antiserum in tubes prior to the gel diffusion experiments 
eliminates this difficulty. The latter technique also permits the absorption of 
larger  amounts  of  "standard"  immune serum.  Influenced by the amount  of 
human serum necessary for absorption of the immune serum when the intra- 
basin technique was used,  1 part  of rabbit serum was mixed with  2 parts  of 
human serum from a negative reactor, and the absorption performed in a tube, 
as  described  elsewhere  (22).  The  absorption  in  tubes  necessarily  led  to  a 
considerable dilution of the antiserum. 
The  Reaction  between Absorbed Rabbit  Serum  and  Human  Serum.--When 
15 ttl of the immune rabbit serum absorbed in tubes as described above was 
tested against  the same  amount of normal human serum in double diffusion 
experiments, no precipitates  developed. When  30  ~1  of  the  absorbed  serum 
was employed (achieved by filling  the well twice with  15/zl serum each time) 
weak  precipitates  developed  against  sera  from positive  reactors.  When  the 
antiserum well was filled 3 times with  15 t~l each time, so that a total of 45 #1 
of the absorbed immune serum was used, precipitates of apparently the same 
strength as those observed during the intrabasin  absorption  experiments  de- 
veloped between  the  antiserum  and  sera from positive reactors, whereas  no 
precipitates  developed between  antiserum  and  sera  from  negative  reactors. 
The reactions could often be seen after 1 day, regularly after 2 days, but were 
still stronger after 3  days. No change of the reaction patterns was  observed 
after 3 days (some slides were allowed to react for up to 14 days). Several slides 
were observed at regular intervals during the first 3 days, and it was established 
that once a precipitate had occurred, it did not disappear. 
When 45/A of the absorbed immune serum was used against  15/zl human 
serum,  the test results remained the same  in a  large mlmber of experiments 
where the same human sera were tested repeatedly. 
Experiments were also performed employing 90 t~l of absorbed rabbit serum 
instead of 45 #1, with similar results. The test results were also similar when Kt~.RE  BERG  AND  ALEXANDER  G.  :BEARN  383 
30, 45,  and  60/zl  of the human serum to be tested  was used  instead  of 15/~1. 
Since  these  quantitative  variations  did  not  influence  the  results,  it  was  con- 
cluded that  the difference between positive and negative sera was qualitative, 
and not dependent upon small quantitative  differences in the concentration of 
one serum protein. 
As a routine procedure, 45 ~1 of the absorbed rabbit serum was tested against 
15 #I of each human serum. The slides were examined after 1, 2, and 3 days, the 
reading after 3 days was regarded as decisive. The slides were reexamined after 
staining, and the results obtained were always identical to those of the unstained 
preparations  after 3 days. 
FIGS. 1 a and  1 b.  Reaction pattern between absorbed rabbit  immune serum and human 
serum from positive and negative reactors. 
The reagents were: A, absorbed rabbit  immune serum;  1, 3, and  5, human serum from 
negative reactors; and 2, 4, and 6, human serum frmn positive reactors. 
Some  variation  in  the  strength  of  the  precipitates  was  observed,  but  no 
attempt  to  grade  the  strength  of  the  reaction  was  made.  In some  instances 
reactions  were somewhat  difficult  to interpret  because  of the  faintness  of the 
precipitin  lines,  however retesting  and  the  inclusion  of positive  and  negative 
control sera on the slide enabled the typing to be made confidently. When weak 
reactions were encountered it was particularly helpful to observe the reaction of 
identity with the precipitate from a positive control serum placed in the neigh- 
boring well. When positive sera were tested in neighboring wells, the precipitates 
always gave a  reaction  of identity  with  each  other.  Weak reactions  generally 
became more visible  after  staining.  Precipitates  between  absorbed  rabbit  im- 
mune serum and different human sera are shown in Fig.  1. 
The precipitates obtained were observed 1/~ to }/2 of the distance between the 
wells  containing human  serum  and  those  containing  the  antiserum  and  were 384  xu  S¥STElV[ 
concave towards the wells containing human serum. The shape of the precipi- 
tates suggested that the reacting protein of human serum was of high molecular 
weight.  The precipitates  could be stained  for protein,  but not for lipid,  and it 
was concluded  that  the  high  molecular  weight  reacting  component of human 
serum was not a lipoprotein. 
Attempt to Identify the Antigen Present in Human Serum.--When 6 to 9/A of 
human serum from a  positive reactor was submitted  to immunoelectrophoresis 
and  the  longitudinal  well  filled  with  200  to  300  /~1  absorbed  rabbit  serum 
(obtained by refilling  the antiserum  trough) a  precipitate  corresponding to the 
as-macroglobulin of human sermn developed after  1 to 2 days. An attempt  to 
FIG. 2.  Purity test of a positively reacting preparation  of human c~2-macroglobulin. 
The reagents were: 1 and 3, human serum from a positive reactor;  2, purified as-macro- 
globulin from a positive  human reactor;  A,  anti-as-macroglobulin  serum from rabbit;  and 
B,  anti-human  serum  from  rabbit. 
The identity  reaction of the two major precipitates  between wells A and B shows that the 
major protein component in well 2 is as-macroglobulin. The two or three additional proteins 
present in small amounts  (visible as faint precipitates between 2 and B) have so far not been 
identified. 
purify  the  as-macroglobulin  from  a  positively  reacting  human  serum  was 
undertaken.  Fresh serum from a positive reactor was submitted to starch block 
electrophoresis using a technique previously described from this laboratory (31). 
A  serum  of haptoglobin  type  1-1  was  selected  to  avoid  the  complication  of 
high molecular weight haptoglobin 2 polymers migrating in the as-region. The 
elnate from the segments  of the  starch  block containing the main part  of the 
~2-macroglobulin  (identified  by testing  against  specific  anti-a2-macroglobulin 
serum)  was concentrated by ultrafiltration  and submitted  to gel filtration on a 
Sephadex  G-200 column  (32). The column was eluted with  a  buffer of pH 8.0 
containing 0.1  ~  Tris  and  0.5  ~  sodium  chloride.  The  a~-macroglobulin  was 
excluded  from the  column and  emerged in the fractions  corresponding to the 
first  chromatographic  peak.  These  fractions  were  pooled,  concentrated  by 
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The first chromatographic peak of the gel filtration contained nearly pure 
c~2-macroglobulin. The two or three other proteins, of which traces were found in 
the immunoelectrophoretic experiments, have so far not been identified. The 
preparation of nearly pure ~x~-macroglobulin gave a  strong precipitate with a 
reaction  of  identity with  the  precipitates  obtained  from positively reacting 
human sera, when tested against the specific, absorbed rabbit immune serum. 
These experiments made it highly probable that the antigen in human serum 
resides  in  the  a~-macroglobulin  fraction  and  it  was  therefore preliminarily 
concluded  that  the  absorbed  rabbit  immune  serum  detected  an  individual 
specificity of the human serum a~-macroglobulin. Further characterization of 
the antigen is in progress. Preliminary observations suggest  that  the antigen 
may become altered on storage, even at --25°C. 
Persistence of the Antigen in the Serum  of Human Positive Reactors.--Serum 
obtained  from a  single  bleeding  of  an  individual,  tested at  different times, 
always  reacted  in  an  identical  fashion.  To determine  whether  the  reaction 
pattern with absorbed rabbit immune serum is constant in a single individual, 
samples  of serum  obtained from bleedings at different times from the  same 
individual were analyzed. Serum from 10 individuals from 3 separate bleedings 
was tested. Serum from 2 separate bleedings was  tested from 24  individuals. 
The maximal interval between bleedings was 2 years. In all experiments serum 
from the same individual always gave the same reaction when tested against 
absorbed rabbit immune serum. 
It  was  concluded  that  the  reaction  type  of  a  human  serum  against  this 
particular  rabbit  serum remained  constant  and  was  characteristic  for  the 
particular human serum. 
Genetical Hypothesis,  Nomenclature.--Since  the  experiments indicated  that 
the reaction type of individual human sera was constant, it seemed likely that 
the serum protein detected by the absorbed rabbit immune serum was under 
genetical control. The initial experiments showed a distinct difference between 
the  frequencies of male  and female positive reactors,  inasmuch  as far more 
females than males reacted with  the absorbed antiserum. The difference was 
sufficient to suggest  that  if  the  factor disclosed  by this  immune  serum  was 
genetically determined, the locus controlling it would be located on the human 
X  chromosome.  The  difference  in  frequency  between  males  and  females 
suggested a dominant X-linked inheritance. 
Subsequent  investigations were performed to test  the hypothesis that  the 
antigen revealed by the rabbit serum is controlled by an X-linked gene which 
is expressed whether present in double or single dose. 
For convenience in referring to this system, a preliminary notation was em- 
ployed. To signify that the antigen was controlled by a gene on the X  chromo- 
some  and  to  incorporate  the  notion  that  the  antigen  resides  in  the 
a2-macroglobnlin, a  notation based  on the symbol Xm has been introduced. 386  x~  S'fST~ 
The  antigenic factor  revealed by  the  immune  serum has  been  called Xm(a), 
and the phenotypes Xm(a+)  and Xra(a-)  respectively. The specific antibody 
accordingly has been called anti-Xm(a). The  gene responsible for the antigen 
Xm(a)  has been called Xm  ~ and  its, so far silent, allele  Xm.  Positive female 
TABLE I 
Norwegians: Adult Unrdated Individuals Tested  for the Xm(a) Factor 
A, Distribution, and significance test for sex difference 
Xra  (a+)  Xm (a --)  Total 
Males  23 (23.00 %)  77 (77.00 %)  100 
Females  57 (56.44 %)  44 (43.56 %)  101 
Total ...............  80  121  201 
x2(1~ =  22.0709  P  <  0.0005 
B. Calculated gene frequencies 
Xm ~  Xra 
Males  0.2300  0.7700 
Females  0.3400  0.6600 
"Combined"  0.2980  0.7020 
C. Comparison of observed and expected numbers* 
Males  Females 
Xm(a+)  Xm(a--)  Total  Xm(a+)  Xm(a-)  Total 
Observed  23  77  100  57  44  101 
Expected  29.8  70.2  51.2  49.8 
x2o) =  2.2104, 0.10 <  P  <  0.20  x2o) =  1.3325, 0.20 <  P  <  0.30 
* Expected numbers calculated from the "combined" gene frequencies, on the assumption 
of an X-linked dominant inheritance. 
reactors  could therefore be  of genotype Xm"/Xm  a or Xm"/Xm  and  negative 
female reactors would be of type Xm/Xm.  Positive male reactors would have 
the genotype Xma/Y and negative reactors Xm/Y.  (This notation incorporates 
the fact that males have an X  and a Y  chromosome instead of two X  chromo- 
somes.) The genetical system itself has been called the Xm system. 
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phenotype frequencies in a random population should conform to a predictable 
pattern  of distribution.  Four different populations were studied.  Each popula- 
tion was tested  to see whether  the difference in phenotype frequency between 
males  and  females  was  significant.  If  the  postulated  mode  of  inheritance  is 
correct,  the gene frequencies will be identical  to the phenotype frequencies in 
TABLE II 
United  States  Whites:  Adult Unrdated  Individuals  Tested for the Xm (a) Factor 
A. Distribution,  and significance test for sex difference 
Xm(a-[-)  Xm(a--)  Total 
Males  15 (26.32 %)  42 (73.68 %)  57 
Females  34 (50.75 %)  33 (49.25 %)  67 
Total ...............  49  75  124 
X2o) -- 6.7027  P  <  0.01 
B. Calculated gene frequencies 
Xm a  Xm 
Males  0.2632  0. 7368 
Females  0.2982  0.7018 
"Combined"  0.2864  0.7136 
C. Comparison of observed and expected numbers* 
Males  Females 
Xm(a-[-)  Xm(a--)  Total  Xm(a-k)  Xm(a-)  Total 
Observed  15  42  57  34  33  67 
Expected  16.3  40.7  32.9  34.1 
x2a) =  0.1452, 0.70 <  P  <  0.80  X2(~) -  0.0723, 0.70 <  P  <  0.80 
* See Table I. 
the males. In females,  the frequency of the recessive gene can be calculated as 
the  square  root  of  the  frequency  of  the  negative  phenotype.  To  utilize  the 
information  obtained  from both  males  and  females,  a  "combined"  gene  fre- 
quency was estimated. 
The  gene  frequencies  were  calculated  separately from the male and female 
phenotype frequencies,  and  by the  "combined" gene frequency formu]a. The 388  x~  SYSTEM 
expected numbers of positive and negative males and females were calculated 
from  the  "combined" gene frequencies. The  results of  the  analyses of  the  4 
different populations, are shown in Tables I  through IV. The X  ~ in part A  of 
these tables was  calculated from the fourfold table as described by Hill (28) 
whereas the X  ~ in part C of the tables was calculated from the expected value. 
TABLE III 
United States Negroes: Adult  Unrelated Individuals  Tested for the Xm(a)  Factor 
A. Distribution,  and significance  test for sex difference 
Xm (a+)  Xm  (a-)  Total 
Males  25 (30.86 ~)  56 (69.14 %)  81 
Females  90 (59.60 c~)  61 (40.40 %)  151 
Total ...............  115  117  232 
x2(1) =  16.2871  P  <  0.0005 
B. Calculated  geue  frequencies 
Xm  '~  Xm 
M~les  0.3086  0. 6914 
Females  0.3644  O, 6356 
"Combined"  0.3499  O. 6501 
C. Comparison  of observed and expected numbers* 
Males  Females 
Xm(a+)  Xrn(a--)  Total  Xrn(a+)  Total 
Observed 
Expected 
25 
28.3 
56 
52.7 
81  90 
87.2 
Xm(a-) 
61 
63.8 
151 
X2(1) =  0.5914, 0.30 <  P  <  0.50  X2(1)  =  0.2128, 0.50 <  P  <  0.70 
* See Table I. 
In all 4 populations a considerably higher proportion of females than males were 
Xm(a+). This sex difference was highly significant in all populations. 
In  all  populations,  the  gene  frequencies were  similar, whether  they  were 
calculated from males or  females  alone, or  from  the  formula combining the 
information from both  sexes.  The  calculations from males alone gave  a  con- 
sistently lower frequency for the gene Xm ~ than those from females only. Small 
variations in the gene frequencies between the populations were observed. K/~RE BERG  AND  ALEXANDER  G. BEARN  389 
In part C of Tables I through IV the expected numbers of individuals of each 
phenotype within each sex were calculated from the "combined" gene frequen- 
cies  on  the  assumption  of  dominant  X-linked  inheritance.  The  correlation 
between  expected  and  observed  values  was  satisfactory for  all  populations. 
TABLE IV 
Easter Island: Adult Unrdated Individuals  Tested for the Xm(a) Factor 
A. Distribution, and significance  test for sex difference 
Xm  (a+)  Xm  (a--)  Total 
Males  16 (24.24 %)  50 (75.76 %)  66 
Females  38 (47.50 %)  42 (52.50 %)  80 
Total ...............  54  92  146 
x2o) =  7.4251  P  <  0.01 
B.  Calculated gene  frequencies 
Xm a  Xm 
Males  0.2424  0.7576 
Females  0.2754  0.7246 
"Combined"  0.2655  0. 7345 
C. Comparison of observed and expected numbers* 
Males  Females 
Xm(a+)  Xm(a-)  Total  Xm(a+)  Xm(a-)  Total 
Observed  16  50  66  38  42  80 
Expected  17.5  48.5  36.8  43.2 
x2o) =  0.1750, 0.50 <  P  < 0.70  X2(1) =  0.0724, 0.70 < P  <  0.80 
* See Table I. 
Thus far, the population data obtained support the hypothesis of an X-linked 
dominant mode of inheritance. 
Family  Studies.--The  family material  consisted  of samples  of serum from 
members of 28 families with a total of 83 children from Easter Island. (None of 
the parents were included in the study of unrelated individuals described in the 
preceding section.) The frequency of the phenotypes of the parents within each 
sex  corresponded to  that found in  the  population study  (for males  X  2 a)  = 390  x,~  SYSTEM 
0.3600, 0.50  <  P  <  0.70, for females X  ~ (1)  =0.6340, 0.30  <  P  <  0.50).  From 
the material of unrelated  individuals  a frequency of 0.2655  was found for the 
gene Xm  ~ and of 0.7345  for the gene Xm  in this population. This corresponds 
to the following genotype frequencies in the population from Easter Island. 
Males  Females 
Xma/y  O. 2655  Xma/Xm  a  0.0705~ 
Xm/Y  O. 7345  Xma/Xm  O. 3900J  O" 46O5 
Xm/Xm  O. 5395 
From these frequencies the expected distribution of parents and children with 
respect to their Xm type was calculated, as shown in Table V. In the families 
studied blood was obtained from children 7 years and older. The details of the 
families tested are given in Fig. 3; untested children and abortions are not in- 
cluded. It can be seen from Fig. 3 that in the last family in which both parents 
TABLE V 
Expected Distribution of Parents and Offspring from  Easter Island  with Respect to  Their Xm 
Type 
Matings  Proportion of children from each mating 
Males  Females 
Type, father X mother 
Xm(a+)  X  Xm(a+) 
Xm(a+)  X  Xm(a--) 
Xm(a--) X  Xm(a+) 
Xm(a--) X  Xm(a--) 
Frequency 
0.1223 
0.1432 
0.3382 
0.3963 
Total ....................  1.0000 
Xm(a+)  Xm(a--) 
0. 5765  0.4235 
0  1.0000 
0. 5765  0.4235 
0  1.0000 
Xm(a+)  Kin(a-) 
1.0000  0 
1.0000  0 
0. 5765  0. 4235 
0  1.0000 
were  positive,  one  girl  was  negative, whereas  all  girls would  be expected  to 
be positive  if  the  father  is  positive.  This  child  thus  represents  an  apparent 
exception  from  the  postulated  mode  of  inheritance.  The  remaining  girls  of 
matings where  both  parents  were  positive,  were found  to  be  positive.  Both 
positive and negative boys were found in families of this kind as expected. 
In the two families in which the father was positive and the mother negative, 
all sons were expected to be negative and all daughters positive. This expecta- 
tion  was  realized  and  thus  no  male-to-male transmission  was  observed.  In 
eleven families where the father was negative and the mother positive, sons and 
daughters  of both phenotypes were found  as expected.  In eleven families in 
which both parents were negative, all children were negative as expected. It is KARE BERG AND  ALEXANDER G.  BEARN  391 
TABLE VI 
The Xm types of 28families from Easter Island and their 83 children 
Matings  Children 
Males 
Type, father X mother 
Xm(a+) X  Xm(a+) 
Xm(a+) X  Xm(a--) 
Xm(a--) X Xm(a+) 
Xm(a-) X Xm(a--) 
Total. 
No. 
Obs.*  Exp.* 
4  3.4 
2  4.0 
11  9.5 
11  11.1 
28  28.0 
Xm(a+) 
0bs.  Exp. 
7  4  4.0 
6  0  0 
18  9  10.4 
19  0  0 
50  13 
Xm(a-) 
Obs. Exp. 
3 
6 
9 
19 
37 
Females 
Xm(a+) 
Obs. Exp. 
3.0  7  6  7.0 
6.0  1  1  1.0 
7.6  14  7  8.1 
19.C  11  0  0 
33  14 
Xm(a-) 
0bs.  Exp. 
1  0 
0  0 
7  5.9 
11  11.0 
19 
Total 
14 
7 
32 
30 
83 
* Obs., observed numbers; Exp., expected numbers. 
highly unlikely that this finding could have occurred by chance, if the trait was 
not genetically determined,  or expressed  more  cautiously,  if  no  relationship 
existed  between  the phenotypes of the parents  and the children.  Thus,  apart 
from the one negative daughter of a mating where both parents were positive, 
no exceptions from the postulated, X-linked dominant mode of inheritance was 
found. 
The  expected  number  of  matings  of  each  type,  and  of male  and  female 
offspring  of  each  phenotype  within  each  mating  type,  was  calculated  from 
Table  V.  In Table  VI,  the  family material  is  summarized  and  the  observed 
numbers  are compared with  those expected.  Again, with  the exception of the 
negative  daughter  from  a  mating  in  which  both  parents  were  positive,  the 
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FIG. 3. The inheritance of the antigen Xm(a) in 28 Easter Island families with 83 children. 392  xM  SYSTEM 
correspondence between observed and expected values was satisfactory (Table 
VI). 
Influence  of Age  on  the  Manifestation  of  the  Xm  Types  in  Children.--In 
addition  to  the  family  material,  samples  from  a  number  of  children  from 
Easter  Island  were  available  for  testing.  Serum  samples  from a  total  of  145 
children (including those of the family material) between 7 and 19 yr of age were 
tested.  The distribution  with respect to phenotype and age group within each 
sex is shown in Table VII. 
TABLE VII 
Distribution of 145 children  from Easter Island with respect to their sex and 
Xm type* 
Males  Females 
Age  Xm (a--)  group  XI  ~+)  Xm(a-)  Xm(a+)  Total 
Obs.  gxp.:~ Obs.  Exp.  Obs.  Exp. 
yr 
7-10  4  4.0  11  11.0  15  0.0183  0  I 5.1  11  5.9  11  26 
10-13  6  3.7  8  10.3  14 [ 1.1823  6  [ 8.7  13  10.3  19  0.997~  33 
13-16  10  7.7  19  21.3  29 [ 0.6101  8  8.3  / 10  9.7  18  0.000]  47 
__  r  /  ~3  l--  .... 
Total...27  58  ] 85  /  /37  60  145 
* The expected numbers are calculated from the frequencies in adults. The values of x 2 in 
the table result from comparison between each age group and adults  (within the same sex) in 
fourfold tables. 
:~ Obs., observed numbers;  Exp.,  expected numbers. 
In the table,  the  expected numbers were calculated from the frequencies in 
adults. The values for X  2 in the table, however, were obtained by comparing for 
each sex, the numbers of each particular age group with those of the adults, in a 
fourfold table, employing Yates' correction. Although the numbers were small, 
a  striking  correlation  between  the  age  of  the  child  and  the  reaction  type 
observed was found in the  females.  In the  age  group 7  to  10 yr none of the 
girls were positive. In the age group 10 to 13 yr 31.6  % of the girls were positive, 
whereas in the 13 to 16 yr group the frequency had approximately reached that 
of  the  adult  females.  In  the  boys,  however,  no  lack  of positive  individuals 
compared with the expected number was observed in any age group. This was 
also evident  when the  children were studied  at  1 yr  intervals.  Thus, positive 
girls first occurred in the 10 to 11 yr age group and the frequency increased until 
the 14 to 15 yr age group where the adult level was attained. The relationship 
between age and phenotype frequencies in females is indicated in Fig. 4 where K~RE  BERG  AND  ALEXANDER  G. BEARN  393 
the corrected values for X  2  are plotted against each age group. As shown in the 
figure, the distribution in the 7 to 10 yr age group of girls differed significantly 
from that in adults. No significant deviation was found in the other age groups 
or in boys. 
Thus  even though  the  numbers  were small,  a  significant difference in  the 
phenotype frequencies was found between young girls and adttlts. In males no 
such difference was observed. For the Easter Island population age information 
was available also for a number of adults. No age difference in the phenotype 
frequencies was found among adults of either sex. 
Sera from  Patients with XO Karyotype.--Thus  far sera from 7 patients  of 
karyotype XO have been available for testing; all were negative. 
6 
X 2 
4 
Girls 
I0  15  16  19  7 
Age (years) 
Boys 
0.05 
significance 
level 
I  h  I 
IO  13  16  19 
FIG. 4.  Comparison of phenotype distribution in children and adults. (x  z calculated by com- 
paring each age group with the adult population in fourfold tables). 
DISCUSSION 
The immune serum used  in  the present  study was  produced following an 
immunization schedule similar to one successfully employed for the production 
of anfi-Lp(a) sera in rabbits (33). Unfortunately, this immune serum contained 
a relatively weak antibody against the Xm(a) factor, and it contained strong 
nonspecific antibodies. Although absorption could be employed to remove the 
nonspecific antibodies, this resulted in a marked dilution of the antiserum and 
necessitated the employment of comparatively large amounts of the absorbed 
immune serum. This was achieved by refilling the antiserum wells.  Although 
the necessity of refilling the wells limited the amount of antiserum that could 
be used the test results were unchanged when twice the normal amount of anti- 
serum was used. The results of the experiments in which varying amounts of 
immune serum and human sera were employed indicate strongly that the differ- 
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is caused by a qualitative difference between human sera, and not by quantita- 
tive variations in one particular serum protein. This is also supported by the 
observation that serum obtained from different bleedings of the same individual 
always reacted in the same way. In general, the reactions were weaker and took 
a longer time to develop than the Lp(a) reactions (34) and were of less intensity. 
A stronger antiserum would be highly desirable. Since the serum from only one 
rabbit  has  been found to  possess  the  anti-Xm(a)  specificity the  number  of 
experiments that can be performed is presently sharply limited. 
The results described in the present paper, especially those obtained with a 
highly purified preparation of a2-macroglobulin, make it reasonable to conclude 
that the antigen is, in all probability, the ~2-macroglobulin  of human serum and 
justify the introduction of a preliminary nomenclature referring to this protein. 
Although a  genetic variation in  this  protein  does not  appear  to have  been 
reported in man, a genetically determined lack of the a~-macroglobulin has been 
observed in cattle (35). 
In cases of X-linked inheritance data from unrelated individuals provide a 
considerable  amount  of  information because  of  the  difference in  phenotype 
frequencies between males and females. All the  4  populations tested fit the 
hypothesis of a dominant X-linked mode of inheritance. 
Patients of karyotype XO would be expected to have the same phenotype 
frequency as normal males. Thus far 7 patients have been tested and found to 
be negative. If a larger number of such patients become available for testing, 
statistically significant information pertinent to this question could be obtained. 
The most critical test for the  genetical hypothesis stems from the studies 
performed on the family material. Because of  the  rules  governing dominant 
X-linked inheritance, there are a number of critical matings which permit the 
hypothesis to be tested. One exception, a negative daughter from a marriage in 
which both parents were positive, did not agree with this hypothesis. With this 
exception  the  numerical  distribution  of  the  various  phenotypes  within  the 
family material corresponded well to that expected. (Table VI). 
The  explanation for  the  apparent  exception from the postulated mode  of 
inheritance  is  presently  unclear.  Although  the  plausible  explanation  of 
illegitimacy cannot be investigated in this instance, this finding could also mean 
that exceptions from the postulated mode of inheritance may occur when the 
present  technique  and  antiserum  are  employed. The  sex  chromosome  con- 
stitution of the exceptional female is also unknown. A much lower frequency 
of the Xm(a+)  phenotype was found among young girls  than among adult 
females, although conclusions must be drawn cautiously from the small number 
presently  available.  The  frequency of positive  girls  steadily increased  until 
14  to  15  yr of age.  This suggests that the Xm(a+)  type may not manifest 
itself in girls  (or in a certain percentage of girls),  until relatively late in child- 
hood. The reason for the restriction of the delayed manifestation to females is 
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Because of the late manifestation of the Xm(a+) phenotype in girls,  some 
less than 14 yrs of age, who possess the Xm  a gene may appear phenotypically as 
Xm(a-). The one girl who represents a departure from the postulated mode of 
inheritance was between 11 and 12 yr of age. Seven other girls, all of whom were 
positive, were the offspring of positive fathers. Of these, two were 11 yr old, one 
was 12 yr old; the remaining 4 were older than 13. Thus, the girl, apparently 
representing an exception from the postulated mode of inheritance, may possess 
the Xm  a  gene but be too young to have her true Xm phenotype developed. 
Support for this concept would be gained if conversion of her Xm phenotype 
occurred and she remained positive. Studies on the development of the Xm(a) 
factor in girls of various ages will be relevant to this problem. 
The Lp system (22)  was detected by means of immunological procedures 
closely related to those employed in the demonstration of the Xm system. The 
results described in the present paper provide support to the suggestion that 
other presently unknown genetically determined antigenic factors of human 
serum proteins may be disclosed by the use of certain heteroimmunization and 
absorption procedures (22). 
The disclosure of linkage to any of the known loci on the human X  chromo- 
some would be proof positive that the Xm locus is located on this chromosome. 
Preliminary linkage studies have been planned but are limited by the present 
shortage of antiserum. The detection of the X-linked serum system described in 
the present paper provides an additional opportunity to study the order of the 
genes on the X chromosome of man. 
SUMMARY  AND  CONCLUSIONS 
The detection  of an inherited  X-linked serum system in man, disclosed  by a 
heteroantiserum  made  specific  by  absorption, is described. These  studies 
suggest  that the antigen,  demonstrated by the  specific  antiserum,  resides  in  the 
a2-macroglobulin fraction of serum.  The system has been named  the Xm 
system, where X refers  to  the  localization  of  the  genc on the  X  chromosome, and 
the m  indicates  that  the antigen is  part of the  ~2-macroglobulin fraction. 
The distribution  of phenotypes in unrelated individuals  from 4 populations, 
as well as studies  performed in families  are consistent  with an X-linked domi- 
nant  mode of inheritance.  One Xm(a-)  daughter was found in a family where 
the  father  was Xm(a+). This finding  is discussed  with particular  reference  to 
the possible  influence  of sex and age on the development of the phenotype. 
This common X-linked marker is likely  to prove useful  in mapping the hu- 
man X  chromosome. 
The antiserum used in this  investigation  was produccd, and the preliminary experiments 
performed, while one of us (K. B.) was at the Institute  of Forensic Medicine, University of 
Oslo, Oslo, Norway. 
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